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(54) SEMICONDUCTOR LASER AND METHOD FOR MANUFACTURING SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser that the directivity of a laser beam can be enhanced, 
and especially performance of a pulsation type laser can be 
improved, and to provide a method for manufacturing the 
same. 

SOLUTION: In a laser element part 10A, a light control layer 
22 is formed between a first n-type clad layer 21 and a 
second n-type clad layer 23. The light control layer 22 
compensates a difference between the reflection index of an 
n-type clad layer consisting of the first n-type clad layer 21 
and the second n-type clad layer 23 and the reflection index 
of a p-type clad layer consisting of a first p-type clad layer 
25 and a second p-type clad layer 26. The light distribution 
of a light-emitting region 24a in an active layer 24 agrees 
with the active layer 24 and its neighboring regions, and so 
the light distribution is symmetrical to the active layer 24. 
Since the light absorption is increased in a saturable 
absorption region 24b, a pulsation margin is increased, and 
moreover, an FFP shape of light emitted from the active 
layer 24 is prevented from being spread in the vertical direction 
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imim i ] ««±ec. m^cftit&immtezm i 

CD I — If m^mte J: ^2(DU- -fm^Zffiz- lc¥B 
ft u -if -e 

fjIS^l ©U— IfSTSK*. 

fgl (D^mftttW&hte&mi ©nM^ v FBteJ:^ 
!g2©n^^ FB^6$J$£ft. ffiI(DBr$^:W 
^ni^-; FB<h* 

fufBnS!^^ KHCD±CtffM£ti, ^ 1 CD¥zSftWf4 
m2<Dx>M2? v FB^6«§fi£2ft. futBnS^^ F 

m±temtez>m$rm* : n-$'z>p%Lt>'7 ? fb£ v 

luteal (DnM^7 FB£i?iBffl2©n§!^^ FB 
i^P^C^;*^ MIEnM^^ FB^MIBpS^^ 

^ FH±©ra»T*©a*Mttr5, sn ©¥**«»*> 
if. 

[»*ph2] buib^ i <D¥m#tt&&. 3Bmjtm<o 20 

*U-lfo 

5^©4>&< ifc^>^Ai5 B^otIS©^©^ 
<£*>■; > i*Stf C t *»«ir4B*3H 1 IBiS©¥ 

[ft^JJM] i»K»l©nffl»7* FB, «IK»f2© 
nS^7^ Ki. fc<fc^BulB3fe3>Fn--;l'li(D-en-€ e 

HUl Bt^ =3 > F P - ;l/ B {Cd $ ft & T ^ 5 - •> A©ffij& 

BUlB^lcDn^^v ^ FJ14d^a r BUlB^2(DnM^ 
7* FB©^ft^ftCt$£ft£T^^A©fflj&J;9 

wtuciMi <r &tmm 2 tBi£©*^{* u - 

tfo 

~^A©fflliJc«:. 0. 7J£l±"C*0. liyfBlfn©nM^ 
FBfc<fconi5fE!fr2©nS^7* FJKD*tietl<c 

[ Ht^cS 6 ] MfBffi 2 CD u — tf SR^SW*, b?IB0 1 © 

»*3B l IBi£©^<* U - If. 

[ W3j3H 7 ] meat 1 © u - if *«K>«*«fitt 7 

0 0 n m^r* 0 , B&fBSfl 2 CD L — If 3R-=PH5©#g56&g 
(£6 0 0 n m^t'^^Ci^r^ctf ^>W^1 IBIS© 

© U - If sR^SRfc J; O'fS 2 © U - If *^g& * lix. fc^zg 50 
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»u-if©S£g^-c*or. 

BufSffl 1 <D U — tf«^-»*JBfiJEr SXgtt, 

mi<o¥mimmfr*>te2>mi<Dnm25 ? fb. #=i 

ft, i^©IS^*WT£n52*5* FB*»«ET*I 
But B nS^7-; FB©±tt > 31 1 <DmmfottW» hU*> 

C <L i T &*a|f* U -If ©Wfitfffi. 

[ft ^9] BWam 3B^7tS© 
5^©4>&< U ^A<h5 B$otJR©5^©:4>&< 

[ b»*3B l 0 ] m&m 2 ©**f»t*4tt. 3 B KtcS 

[IS*3I1 1] BiflB^l ©n^^^ ^ FB, BUIBH2 
©n^^^^FB. te<ta f ffiriE3fe^> hn-jb]l©-eft 

BulB7fe=i> Fn-;l/BCC^^ft^,r;U5^^ A©ffiiS 

MIBS l©n^^^^ FB4dcfc?>*HulB^2©nM^ 
^ ^ FB©^ft-efttc^ft^T;U5^^A©fflfltcl:0 
^: * < h c £ t -? & m^m 9 IBiS©^«(* u 
— tf©»S^S. 

[M^gi 2] HJiB36p>Fa-;l/Btc$*ftSTJU 
S^.-5A©»fiE*0. 7H±d:^ MtBfgl CDng^^ 
■a FBte<tWi«iB»2'©nS^^ ^ FB©^ft^fttcS 

ctzftmtr&immi isb«©^3»*u— tf©«s 

C»*S 1 3 ] WE»2©U— tf*T««:JKfiRr*X 
frifl^l©U— !f^SP©pa^^^ FBcb[i]G 

m2<D¥mmtm&hte2>t>m9^y Fm&nanr&x 

B€rStf C <h <t T^>l»5}cli 8 IBiS©*^ft U — tf 
©ISig*« 0 

[Ml^g 1 4 ] SufBSff l ©u-if3R^»©»*iftfi* 
70 0nmSiU B?IBS 2 © U -if 3RdFW©«*a* 
^6 0 0 nmft£?ZC±Z1frWL±?Zft&m8$ffl<D 
^«f*u-1f©SK§^o 

[0 00 1 ] 

[^©JST^affi^If] **iftS^S&S 
1fia©u— tfSR^SB* 1 ^^^rtCcffflx.fc^®{*U-if 
te<tV-€-©l!B6*ffi«:»»), fttt. ^JHs-Va>5B* 
^r^'jfflT ^cicc^^ru — tf i%js-r ^>*^(* u - if 
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[0002] 

—if (LD ; laser diode ) <J£TR 3MftfiU-1f it* 
•9\ p«RW2^SU-1f«, Tfer -f X*Sat<DU-1f# 

[ 0 00 3] 3g^E v -MCC^f' -/ X ^^grti, 700 
nm^ (ffljittl 8 0 nm) CDU-WCD (Compac 10 
t Disk) ©S^CCfflC^nStftCC. CD-R (CD rec 
ordable ) , CD-RW (CD Rewritable ) A&OteM 
D (Mini Disk ) ft £<D%im"lWx3t7 : 4 X ?CDIB» • 
g©CfflC^nri^o £/c 6 00 nmf («x.^6 
5 0 nm) <DU-1f3fr^DVD (Digital Versatile Di 
sk) (Dim - BStCffll^lltl^, 

[0 00 4] C<DJ:5£c2?&gU-tf(D— FH<bUr«, 

0 n m*5<t(^6 5 0 n mtfe^ 2 -^CDU-lf ^ ? 

futc^mztitcbv (i^to^s. ^w^y? fs<d2« 20 
su— if) ^ffiig^nn^o c<D'W:/y » f§s<d2 
afcBu-if«* u-if^rr^olBfi^ci-b^tcfcCirl* 

if ^ ^ ^fairsci^'C* ^©r^i7D-fex(DS 

^-Ap H iR^tf-Am8t^©»a^u-if©ffl^*B 
S-c*^^nrfco. m«u-if^^^©ifflH*iBE 

if^rJStSO/c^^x^artt, tr-A©f»K*5i« 30 

ti7 80 n mte^tf 6 5 0 n mt*^ 2 ocp l—VM-T 

1f) rt*tMS3ttTl>£. CCD^:^ y*>**SS<Z>2*iffifiU 
-Ifti, A 1 Ga A s^(D*»<*«f43Jp6tt^fli14Jl* 
fx./c^*M^7 8 0nm-C*SU— tfSR^fSBcb, G 
a I nP*0**f*»f4^6tt4?SM*«Afe^iK 
fi#6 5 0 nmT*-5U-1f^SB<b^ 5MBtai*^L/ 40 
TGaAs WJ^Ati) <fc«3tt*SS©-ffl»J«:ffi 

[0 0 0 6 ] C<D<£5fc*r -/ V > * ^§2<D2jfcgU-tf 
mtf, 0 6CC7Sb/c<fc5«:. ifil 1 1© 
±*C, ^3fe^S^7 8 Onmr^^U-lf^T-SPl 0 0 
A, fcJctf. #fefc»fi#6 5 0 nmr^^>l/-iff^ 
1 0 OBZffi^tc. fjlstfj KSO*2»(*u— tf l 0 
0 # AS (^120 01-5 7 4 62 -SM&WJH) 0 u 
-■tfSR^-SPl 0 OAtCti, SSI 1 1 CD_hCC. n^Al 
Gain P*6ftSnS!f79 AlGaA 50 
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s^6ft£r£ttJi 1 2 2. pSA 1 Ga I n Pfrhtj;* 
pS^7 7 K112 3«M?ntC^ 0 lx— !f3R 
-fSBl 0 0 B&U£, Ifil 1 1 <0±*C, nSA 1 Ga I 
nP^6ftinS^77FI13L GalnP^ft 
5rStt»13 2. pIA 1 Ga I n P^6«c5pS!^7 
* FJf 1 3 3WXM5nri^o 
[000 7 ] J/c KS©**»U— !f i 0 
0 7CC7SU/cJ:5K:. 8 Onmt* 

51/- tflR-TSB2 0 0 A, fc<fc*>\ SM1^6 50n 
mr*4 U-1f^g|J2 0 0 B#S«2 1 1 KJfcjSSti 
fc*2»(*U-1f 2 0 0&$>2> Cftm2 000-2440 

6 o^$s#m) o c<z)^2g<*u— tf 2 o om 

©*8W*U--1f 1 OOtlSftO, U— Sf3R J F8P20O 
A<D£r©¥3M*Ji#A 1 Ga A s*<D¥»#»$Kc J: 
DM^ntl^o U— tf^SP2 0 0ACC 
tt, SS2 1 1 <D±Cc, n§^A 1 GaA sfrhte&nM 
Z^vYMZZl. A 1 GaA s 6> & £ r£14J! 2 2 
2. pSAlGaAsHtt6pI^79Fi2 23^ 
WcM5titl^ 0 b-1f*^8P2 0 0Btt. 
U — tf 1 0 0<7>U-ifJgT-an 0 0B (06) iEia© 

[0 00 8] 

Hzsfi<oja»»raaMi«i (a*gtt*ttoa-rc 
<t) ^-rsciccct^r, u-ifiag-ri^nz-^a 

>3!<D¥3K* U -If **£B ?ntt^. C <ZVW -fe - S> 
3 >M©U-1f^gPtCti, H8tC7nL//c<fc^tC % ni 
^7-;FI52K ?Sffll5 2 2. tecfcO* P §3^ F 
■ 5 2 3 3&J)K3CJ&JiRSnT^S. pMZ^ v K15 2 3. 

C(DpS^7 KJB5 2 3©MWKc««^^P »y 

[0 00 9] C<OJ:5ttHlia*W*"*^-fe-^a>3! 
(D*2»ftU-1f*T?«, 2 2rt(D«#SS£5 2 2 

aCDiUH^C, ^7t^5 2 2 a iOWO^M^ 
fifiaiORiRtaiS (Saturable Absorbing Region ; S A 
R) 52 2 b3&W?ntl^ fl C©aiaW»iRffiiS5 
2 2blt «Si£^P ^ ^€B«5 2 4<DH*r^*^{fc3i* 
5Ci t IS»^t5/cfe(DpM^7 7 KB 5 2 3<D 
±SB©«*^SCi. pa^7?F15 2 3©»3* 
mtZ&ZCt. *5c*tt. rStt»5 2 2©tt«*»b 
3-&5C<!:tcJ;o'r}BfiJE3n, rSttH 5 2 2 CC&A£*i 

52 2b©fmJ:ot, A'JHr-^ 3 >IW^U 
-ifrti, SBfi«i*««Wl*r«:u--if»fi*«ttSn 

So 

[0010] CCDcfc^^^^-fe-'>3 >M<£>*zIf*U- 
tf<bbr. 5&tmm&7 8 0 n mT'£>£U— •f*TSP. 
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fcck£>\ 3fBt«fi#6 5 0 nm"C^)^U-1f§RT-gi5cD-e 

IBB-rS/cfeCCJS, ^t»fi*57 8 0 nmt*Sl/-f 
A 1 Ga A s»^tHm*64Sffitti5 
2 2 **tfnl^7? KB 5 2 1 fccfctfpS!*^ 7 KB 
5 2 3£r£ttB5 2 2 <hfn)DA 1 GaAsI^IttMf4 

*<Z>**#U— tf 2 0 OOcfc^CC, »*«fi*J7 80 n 
mtfeSU- tf^T-a52 0 OA^AlGaA s ^z»<* 

WR^SP2 OOB^Galn P»<D¥3W**mcc<fc 
Ofl5l£T££l>oft:J:5K:, U-1f»^3R2 0 0 A. 2 
0 0 BQ^n^n^M^o/cMf4CCj:^ffML^^n^ 

com*, »jg^ci-fextcSiJjR^i;n»/c. 
[0 0 1 liter, *ffilSAiEI— ©U1«A«, C<D 

^bfccfc^CC, *a»f*U— !f 3 0 O&Cfc^T, ^56«S 
#7 8 0 nmr*£U-1fJflTSIS3 0 0A<Dp^7 7 20 

^ROGa I nP**J»l^«CJ:0^r*Ci*# 
*TC»*. ft(*W^C« k !f3R^SB3 0 0ACC«. S 
«3 11©±«:. naAlGaAs^?»&Snl^79 
FI3 2K A 1 GaAs*6ft585ffll3 2 4. p§2 
A 1 Ga A s&htZ&mi KB 3 2 5 , *><fc 

O'pIA 1 Ga I n P^6&4S2 p!^77 KB 3 2 
6«M^titC^ 0 S2pl^7 7K13 2 6ti 
•I^WKfcJBdESii-CfcO, C<DS2pS^7 7F13 

2 6 ©WW6C«aiJS^P 7 £^1^3 4 2 A#Ktt6ftT 30 

ffi^r; ^^fi^6 5 0nmr^SU-1f^gP 

3 0 0 BtC». 1 1 CD±CC V A 1 Ga I n Pfrh 
^nS^7-; KB 3 3 1 , Gal nP^6^c^fitl 
3 3 2. AlGaInP^6ft^>pi^7-;F13 3 3 
«(cM^ntl^ 0 C©pS^7?F13330S 

fljccttsss^D ^ *««3 4 2 Ba^Rwenrc**. 

[0012] C©<fc^tt«flE*Wr4*»#U— !f3 0 
0Ttt v 7 80 nm©U-1f*^»3 0 0ACCtel,vt\ 
Iff 2 pi^79 KB 3 2 6#A 1 Ga I n PCCfcOJf^ 
3tin^syfc«>K:, mi pS^7»; KB3 2 5fcJ:^m 40 
2 pi^r; KB3 2 6^e>ftJpa^7? KB<DJS*r 
nS^7^ KB3 2 1 <DJa#T*<fc 9 fc/J>3 < ft 

[0 0 13] U3&>ua*S6, S*JS^P-fe^©SUtt±. p 
gf^5 v FMJT^nM7 7 ? KB 3 2 1 <DW$ft^ 

tmcttcrzmmMX'&z* mi&mttte. mi Pi^ 

7 7 KB 3 2 5 4oJ:0'ffS2 pSf*-? 7 KB 3 2 6^?>* 

mztizpm*?? Fi©i!)r^na^7 7 kb3 2 

^S3 0 0AiCfcC^, H2 pl^77 KB32 6 OA 50 
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llB«*/h3<ni. U-1f*^aU3 0 0A©*2p 
33^-7 7 KB 3 2 6 <h U- If 3^883 0 0 BOpZHf? 
v KB3 3 3 iCDA ! ffll£CC;**&M#£DTOS 5. 

eotss* pi— ©i^>yj§i»tx^>^ 

<t#Ttft<ft£ 0 

[0014] CftfccfcoT. *3H*U— tf 3 00©b- 
+/^T-SU3 0 0ATU 3£ 1 p§2^^ 7 KB 3 2 5fcJ: 
t>12pS^7 7 KB 3 2 6^WpS^7^ KB<D 
SBt^ 3 , nS^7-; KB3 2 1 <DJBflf* £ 9 < 
&&/t£>CC, 010 (A) tC^L/ccfc^iC, SI413 2 
4rt0^3fe^3 2 4 a©#7**#nflW*^ * KB 3 2 

[0015] CCDJ^tCnfflfl*^* KB 3 2 1BJK:36# 
ifififPKiR««3 2 4 b r<Mfc«JK**4>&< ft 
0, /^-fe-y a > v-v>^^c»< HI 
0(B) tC^b/c<£5CC, ffe&$liS3 2 4 a*P6<DtH8i 
^CDFFP (Far Field Pattern ) jffctfc&^ft^ftCCffi 
aeciE<ftorb*5iC^IBjB* s *-o3fc. ^cDjjgJH, 
U — tf*©JBrtltt*«»< ft 0 . U-1f©t*tB*^TOT 

[0016] **w«^sraa*«:a*ra:stift:«> 
<dt\ t©§W«, u-ifjfeco}grpitt*fl5««>€>ct*«r 
If. 1^{c^;l/-fe-Va>^<Z)U-1fCDl4 
Sfiii^iS^SCirSi^ftu-ifteitf*©!*^ 

[0017] 

iftt. S*±cc, sc^ec«3l^**«»«ci*i<DU-if- 
5R^SB*5 J:CfI2C)U -If Sft^BBSrfflfc/c t^^o 

mi<Dis-ifm*m*. mKommmmfrttz 

m 1 ©nl^7 v Fmte£an2<DnM9 5y KB^6 
fitJ&Sft, B¥3e©JB*f***-r &n§2^ 7 KB£> n 

sa^^ty KB<D±tc^fijt3ti. mi<D¥-mmm&*>%: 

^4S»1©pS^7v KBfc<fcC/*2<D*a9«*t*4 
3&>6&4gi2<DpS!*^7 KB^^fll^RSti. ni^7 
7 KB<t«S&S®«f**Wr4pS^^^ KB<h k m 
10nS^77 Fii*2©nS^7 7 KBiOMCcJK 
fiSStV n§S#^7 FiipS^7f KBicD/a#f^<D 

[0018] *«WCC <fcS¥29«U-1f©KJS^ffi«. 

S^Lttc, Sl^^ftfi^Stt^lOU-lf*^ 
fcJ:^2cou--lf*^Fg|J^«g^/c^r'^or, Si 

cdu— vm+mzfimirzxm*, mi<o^mmm^ 

%tzZ>1$ 1 ©nli'? y KB, 7£3>hD-;H, fcj: 
^»2©nS^7? KBrt>6fllJ3E3ft. mjEOfflJr^* 



XSi. rSttJB<D±te, *l©*3H*»f4^6ttS*l 
6E>pSS*5*F»fcJ:WW2 6 tt * JB 2 

[0019] *«WCciS^ttU-1fte<fc^<D«J6 
^ffirti, — *f*^»fl!)»l <DnSS*S* KB 
£*2<Dn3S*7? KJii©IH6C*l©^a»fl*r»*6 10 

Jg&C^oT n^^7 KJfCD/SPT^i pM£^ KilO 
[ 0 02 0] 

C«9JOSaSO»»] HT, **|j©jata>»lBK:-oi» 20 
[ 0 0 2 1 ] M ltt, sas©»«K:«4 2* 

^©^zSftlx-tf 1 0<D«[S§KffitS^^*-r4>CDl?^ 
C©*3l»U-1f 1 Ott, «iLtf % «S 1 OO/im 
gSTC**). n^Mat^r^ (Si) #jRflJi* 
ftfcnaGaAs*64SSfil !4IitC^. S« 

1 1 ©±fc«> 7 00 nmS (Witf7 8 0 n 

m) 0Wt*ffi««^VU^-ix 3 >S©u--lf«TWl 

0Ai v 6 00 nm^ («>L«6 50 nm) <03fe*ffll* 
■TS^jUs— : ^ 3 >SCDU-tf^SPl 0 B£#^*l^ 30 

^gp 10BB, m%.M2 00 u mmmxf<om^mxx 
^gp 1 0 A<D'&j£?2>§&tmm± u— ?f*^» 1 0 bo 

[0 02 2] U— 1 0 Aim, S« 1 1 <D Jb 
«t % fflfctf, 311 nS^7^ KB 2 1 , 7fc3>ha-;u 
122, »2nS^77 KB2 3, ?£ttB2 4. SSI p 
S^7^FI25, I2p^77K126, pSS*ffl AO 

[0 02 3] CCt, 91 n^7-> KB 2 1 . ft^y 
ha-;VB2 2, I2ni^7>; FJB2 3. rSttB2 
4. »1 pI^7-; KB 2 5fc<fc^pl+t 7 714 1 
A<D*Btt. W*tt* ^J»SJHJ^CCfeW*3B«7C 

*©5%©<j>fc<4fc#y$A (Ga) ^smnsuin 

H«c*jt-t4 5 BBl7n*©^^C[)d>&< fcsR (As) 

6o */c, S2pi^7 7hl2 6fcJ:0'pi«l 50 
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^<<bfe^>^^A (i n ) tmmwmmm&tctev 

&bBmjm<D*)*><D'J>U<th*)> (P) I 

[0 02 4] ^ftffjlCtt, n^77 KB 2 1 tt, 

-f*#8SMSftfcnSSA 1 , Ga,., A s i^CC <£ 0 JB 
^n-cc^ 0 3£a>ha-;H2 2li, Ji£ 
#0. 2umXh*). nSWailt^>fi«D$ 
n/cA 1 y Ga,., A sSStc<fcOJBfiE3tiri»So C 
©7t3> KU-JI/B2 2li. arffiM-***. nS^7 

^ffl«L"Cl>^ 0 »2nS^7 7Fi2 3tt, Mi 

tfSSlraStlfcnSSA 1 , Ga,., A s ffiBCCJ: 

[0 02 5] CCr, 01 nS^77 KB 2 lfc«fctfgi 
2nS^7 ^ KB 2 3<D*ft*ftr<DA 1 OfflJ&xte, 
Wx«0. 6«±0. 7 5kffi<Dm-C$>Z> 0 7c^>Kn- 
;UB2 2-C(DA 1 OttJiSy fSl n^7i» KB 2 1 
**J:tf*2nS!*5* F»2 3©^ti-eti©A 1 <DffiJ$ 

*>C£. f=!>ho>-;H2 2<DA 1 <Dt&j£y#. »1 n 
Ki2.1*sJtt«|2ni^79 FB2 3<D-e*i 
^ft<DA 1 <DiK>?£x <£DkA£^0-C\ ^yFP^ 
B2 2<D/ai^?te, gln^7 7F12 1^S2 
ni^7 9 KB 2 3 (O^ti^tKDMirm^ *) fc/hS < 

[0 026]tStti24^ «»R«. I3^60nmt 

ajSOI&SAl, Ga,. z As (fib, 
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SS*5*FB2 6«\ J53#0. 7//m^ 

0, pfi^»ftd:L/"CMS*s»ftI3tiytpaiA 1 Ga I 
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MpS^77 KB<D— SR^A 1 Ga I n PigStcJcO 
C©pS^7?Fl©ISr$tt, m 

1 ni^v KB2 1 (h$2nl^7^ KB 2 3 
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[0 0 34 ] p + v ^B 4 1 BCD±Ccra, p ffliJfBS 
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T-iE?LS«S^K:J:0«*^ec0. U-1f*?-«l 0 
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IfSR^aiJl 0B(DpI1S5 1 Bin ffl'l^@ 5 2 £ <DRU 
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[0 047 ] C(7)i#, U— tf^T-SPl 0 A, 10 BCD 

■en-en-c^^iz-tr- s/ s? >3R**«flrr & c <t tt j: o 
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tiZpMZy v FBO— gp*SA 1 Ga I n PSStcJ:0 
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